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(54) Cathode contact ring for electrochemical deposition 



(57) The disclosure relates to a cathode contact ring 
(152) lor use in an electroplating cell. The contact ring 
comprises an insulative body having a substrate seating 
surface (168) and one or more conducting members 
(165) disposed in the insulative body The conducting 
members provide discrete conducting pathways and are 
defined by inner and outer conducting pads (172. 180) 
linked by conducting members (176). A power supply is 
attached to the conducting members to deliver current 
and voltage to a substrate during processing. The sub- 



strate seating surface comprises an isolation gasket ex- 
tending diametrically interior to the inner conducting 
pads such that electrolyte is prevented from depositing 
on the backside of the substrate. The insulative body 
provides seating surfaces for other cell components, 
such as the lid, so that no additional insulating material 
is needed to isolate the components. A portion of the 
insulative body is disposed through a plurality of holes 
formed in the conducting Iramework. The holes provide 
increased integration and, consequently, increased 
strength and durability of the contact ring. 
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Description 

[0001 1 The present invention generally relates to dep- 
osition oi a nnetal layer onto a substrate. More particu- 
larly, the present invention relates to an apparatus used 
in electroplating a metal layer onto a substrate. 
(0002) Sub-quarter micron, multi-level metallization is 
one of the key technologies tor the next generation of 
ultra large scale integration (ULSl). The multilevel inter- 
connects that lie at the heart ol this technology require 
planarizationof interconnect features formed in high as- 
pect ratb apertures, including contacts, vias. lines and 
other features. Reliable formation of these interconnect 
features is very important to the success of ULSl and to 
the continued effort to increase circuit density and qual- 
ity on individual substrates and die. 
[0003] As circuit densities increase, the widths of vias. 
contacts and other features, as well as the dielectric ma- 
terials between them, decrease to less than 250 nanom- 
eters, whereas the thickness of the dielectric layers re- 
mains substantially constant, with tRe result that the as- 
pect ratios for the features. I.e., their height divided by 
width, increases, fvlany traditional deposition process- 
es, such as physical vapor deposition (PVD) and chem- 
ical vapor deposition (CVD). have difficulty filling struc- 
tures where the aspect ratio exceed 4:1, and particularly 
where it exceeds 10:1. Therefore, there is a great 
amount of ongoing effort being directed at the formation 
of void-free, nanometer-sized features having high as- 
pect ratios wherein the ratio of feature height to feature 
width can be 4:1 or higher Additionally, as the feature 
widths decrease, the device current remains constant 
or increases, which results in an increased current den- 
sity in the feature. 

[0004] Elemental aluminum (Al) and its alloys have 
been the traditional metals used to form lines and plugs 
in semiconductor processing because of aluminum's 
perceived low electrical resistivity, its superior adhesion 
to silicon dioxide (SiOg). its ease of patterning, and the 
ability to obtain it in a highly pure form. However, alumi- 
num has a higher electrical resistivity than other more 
conductive metals such as copper, and aluminum also 
can suffer from electromigration leading to the formation 
ol voids in the conductor. 

[0005] Copper and its alloys have lower resistivities 
than aluminum and significantly higher electromigration 
resistance as compared to aluminum. These character- 
istics are important (or supporting the higher current 
densities experienced at high levels of integration and 
increase device speed. Copper also has good thermal 
conductivity and is available in a highly pure state. 
Therefore, copper is becoming a choice metal for filling 
sub-quarter micron, high aspect ratio interconnect fea- 
tures on semiconductor substrates. 
[0006] Despite the desirability of using copper for 
semiconductor device fabrication, choices of fabrication 
methods for depositing copper into very high aspect ra- 
tio features, such as a 4:1 . having 0.35jj (or less) wide 



vias are limited. Precursors for CVD deposition of cop- 
per are ill-developed, and physical vapor deposition into 
such features produces unsatisfactory results because 
of voids formed in the features. 

5 [0O07] As a result of these process limitations, plating 
which had previously been limited to the fabrication of 
lines on circuit boards, is just now being used to fill vias 
and contacts on semiconductor devices. Metal electro- 
plating is generally known and can be achieved by a va- 

10 riety of techniques. A typical method generally compris- 
es physical vapor depositing a barrier layer over the fea- 
ture surfaces, physical vapor depositing a conductive 
metal seed layer, preferably copper, over the barrier lay- 
er, and then electroplating a conductive metal over the 

15 seed layer to fill the structure/feature. Finally, the depos- 
ited layers and the dielectric layers are planarized, such 
as by chemical mechanical polishing (CMP), to define 
a conductive interconnect feature. 
[0008] Plating is achieved by delivering power to the 

20 seed layer and then exposing the substrate plating sur- 
face to an electrolytic solution containing the metal to 
be deposited, such as copper. The seed layer provides 
good adhesion for the subsequently deposited metal 
layers, as well as a conforrnal layer for even growth of 

2S the metal layers thereover. However, a number of ob- 
stacles impairs consistently reliable electroplating of 
copper onto substrates having nanometer-sized, high 
aspect ratio features. Generally, these obstacles include 
providing uniform power distribution and current density 

30 across the substrate plating surface to form a metal lay- 
er having uniform thickness. 

[0009] One current method for providing power to the 
plating surface uses contact pins which contact the sub- 
strate seed layer. Present designs of celts for electro- 
ns plating a metal on a substrate are based on a fountain 
plater configuration. Figure 1 is a cross sectional view 
of a simplified fountain plater 10 incorporating contact 
pins. Generally, the fountain plater 10 includes an elec- 
trolyte container 12 having a top opening, a substrate 
^0 holder 1 4 disposed above the electrolyte container 1 2. 
an anode 16 disposed at a bottom portion of the elec- 
trolyte container 1 2 and a contact ring 20 contacting the 
substrate 48. The contact ring 20. shown in detail in Fig- 
ure 2. comprises a plurality of contact pins 56 distributed 
^5 about the peripheral portion of the substrate 48 to pro- 
vide a bias thereto. Typically, the contact pins 56 consist 
of a conductive material such as tantalum (Ta). titanium 
(Ti). platinum (PI), gold (Au), copper (Cu), or silver (Ag). 
The plurality of contact pins 56 extend radially inwardly 
so over the edge of the substrate 48 and contact a conduc- 
tive seed layer of the substrate 48 at the tips of the con- 
tact pins 56. The pins 56 contact the seed layer at the 
extreme edge of the substrate 48 to minimize the effect 
of the pins 56 on the devices to be ultimately formed on 
55 the substrate 48. The substrate 48 is positioned above 
the cylindrical electrolyte container 12, and electrolyte 
flow impinges perpendicularly on the substrate plating 
surface during operation of the cell 10. 
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[0010] The contact ring 20= shown in Figure 2. pro- 
vides electrical current to the substrate plating surlace 
54 to enable the eieclroplating process. Typically, the 
contact ring 20 connprises a nnetallic or semi-metallic 
conductor Because the contact ring is exposed to the 
electrolyte, conductive portions ot the contact ring 20, 
such as the pins 56. accumulate plating deposits. De- 
posits on the contact ring 20. and particularly the pins 
56, changes the physical and chemical characteristics 
of the conductor and eventually deteriorates the contact 
performance, resulting in plating defects due to non-uni- 
form current distribution on the surface be plated. Efforts 
to minimize unwanted plating include covering the con- 
tact ring 20 and the outer surface of pins 56 with a non- 
plating or insulation coating. 

[0011] However, while insulation coating materials 
may prevent plating on the outer pin surface, the upper 
contact surface remains exposed. Thus, alter extended 
use of the fountain plater, solid deposits are inevitably 
lormed on the pins. Because the deposits each have 
unique geometric profiles and densities, they produce 
varying contact resistance from pin to pin at the interface 
of the contact pins and seed layer resulting in a non- 
uniform distribution of current densities across the sub- 
strate. Also, the contact resistance at the pin/seed layer 
interface may vary from substrate to substrate, resulting 
in inconsistent plating distribution between different 
substrates using the same equipment. Furthermore, the 
plating rate tends to be increased near the region of the 
contact pins and is dissipated at further distances there- 
from. A fringing effect of the electrical field also occurs 
at the edge of the substrate due to the localized electri- 
cal field emitted by the contact pins, causing a higher 
deposition rate near the edge of the substrate where the 
pin contact occurs. 

[0012] The unwanted deposits are also a source of 
contamination and create potential for damage to the 
substrate. The deposits effectively bond the substrate 
and the pins to one another during processing. Subse- 
quently, when the substrates are removed from the 
fountain plater, the bond between the pins and the sub- 
strate must be broken. Breaking the substrate loose 
leads to particulate contamination and requires force 
which may damage the substrate. 
[0013] ■ The fountain plater 10 in Figure 1 also suffers 
from the problem of backside deposition. Because the 
contact pins 56 only shield a small portion of the sub- 
strate surface area, the electrolyte is able to communi- 
cate with the backside of the substrate and deposit ther- 
eon. Backside deposition may lead to undesirable re- 
sults such as particulate becoming lodged in device fea- 
tures during post-plating handling as well as subsequent 
contamination of system components. 
[0014] Therefore, there remains a need for an appa- 
ratus for delivering a uniform electrical power distribu- 
tion to a substrate surface in an electroplating cell to de- 
posit reliable and consistent conductive layers on sub- 
strates. It would be preferable to minimize or eliminate 



plating on the apparatus as well as the backside of the 
substrate. 

[0015] The invention generally provides an apparatus 
for use in electro-chemical deposition of a uniform metal 

5 layer onto a substrate. More specifically, the invention 
provides a cathode contact ring for delivering electrical 
power to a substrate surface. The contact ring is elec- 
trically connected to a power supply and comprises a 
contact portion to electrically contact a peripheral por- 

10 tion of the substrate surface. In one embodiment, the 
contact portion comprises discrete conducting areas, 
such as contact pads, disposed on a substrate seating 
surface to provide continuous or substantially continu- 
ous electrical contact with the peripheral portion of the 

IS substrate. The invention provides a uniform distribution 
of p_pwer to a substrate deposition surface by providing 
a uniform current density across the substrate deposi- 
tion surface through the contact pads. The invention al- 
so prevents process solution contamination of the back- 

20 side of the substrate by providing a seal between the 
contact portion of the contact ring and the substrate dep- 
osition surface. 

[0016] Another aspect of the invention provides an 
apparatus for holding a substrate during electro-chem- 
2S ical deposition comprising a contact ring having a con- 
ductive substrate seating surlace electrically connected 
to a power supply. The contact ring has a plurality of 
conducting members to electrically contact a peripheral 
portion of the substrate surface. Preferably, the appara- 
30 tus comprises a vacuum chuck having a substrate sup- 
porting surface to the substrate thereto. 
[001 7] Yet another aspect of the invention provides an 
apparatus for holding a substrate during electro-chem- 
ical deposition comprising a contact ring having conduc- 
es tive contact pads electrically connected to a power sup- 
ply. The contact ring has a plurality of conducing mem- 
bers embedded in an insulative body to electrically con- 
tact a peripheral portion of the substrate surface. In one 
embodiment, the insulative body is annular and com- 
40 prises a flange and parallel substrate seating surface 
connected by a sloping shoulder portion. The conduct- 
ing members may comprise of a plurality of inner contact 
pads disposed on the substrate seating surface coupled 
to a plurality of outer contact pads disposed on the 
45 flange. Discrete circuits are arranged by coupling the 
power supply to each outer contact pad in parallel. An 
isolation gasket located at a diametrically interior portion 
of the contact ring seals the conducting contact pads 
and the substrate backside from the electrolytic solution. 
so [0018] Yet another aspect of the present invention is 
a contact ring constructed using a plurality of conducting 
members having holes formed therein. The conducting 
members are surrounded by an insulating material 
which is allowed to flow through the holes during man- 
ss ufacturing thereby achieving enhanced strength and du- 
rability. The conducting members are substantially em- 
bedded in the insulative material and have an exposed 
inner conducting surface which provides current to a 
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substrate. 

[0019] So that the manner in which the above recited 
features, advantages and objects of the present inven- 
tion are attained andean be understood in detail, a more 
particular description of the invention, briefly summa- 
rized alx)ve. may be had by reference to the embodi- 
ments thereof which are illustrated in the appended 
drawings. 

[0020] It is to be noted, however, that- the appended 
drawings illustrate only typical embodiments of this in- 
vention and are therefore not to be considered limiting 
of its scope, lor the invention may admit toother equally 
effective embodiments. 

Figure 1 is a cross sectional view of a simplified prior 
art fountain plater; 

Figure 2 is a lop view of a prior art cathode contact 
ring having a plurality of contact pins; 
Figure 3 is a partial cross sectional perspective view 
of a cathode contact ring; 

Figure 4 is a cross sectional perspective view of the 
cathode contact ring showing an alternative embod- 
iment of contact pads; 

Figure 5 is a cross sectional perspective view of the 
cathode contact ring showing an alternative embod- 
iment of the contact pads and an isolation gasket; 
Figure 6 is a cross sectional perspective view of the 
cathode contact ring showing the isolation gasket: 
Figure 7 is a simplified schematic diagram of the 
electrical circuit representing the electroplating sys- 
tem through each contact pin; 
Figure 8a is a top view of the cathode contact ring 
conducting frame: 

Figure 8b is a partial cross section of the cathode 
contact ring conducting frame; 
Figure 8c is a top cutaway view ot the cathode con- 
tact ring; 

Figure 9 is a partial cut-away perspective view of 
an electro-chemical deposition cell showing the in- 
terior components of the electro-chemical deposi- 
tion cell. 

[0021] Figure 3 is a cross sectional view of one em- 
bodiment of a cathode contact ring 152 of the present 
invention. In general, the contact ring 152 comprises an 
annular body having a plurality of conducting members 
disposed thereon. The annular body is constructed of 
an insulating material to electrically isolate the plurality 
of conducting members. Together the body and con- 
ducting members form a diametrically interior substrate 
seating surface which, during processing, supports a 
substrate and provides a currentj hereto. 
[0022] Referring now to Figure 3 in detail, the contact 
ring 152 generally comprises a plurality of conducting 
members 165 at least partially disposed within an annu- 
lar insulative body 170. The insulative body 170 is 
shown having a flange 162 and a downward sloping 
shoulder portion 164 leading to a substrate seating sur- 



face 168 located below the flange 162 such that the 
flange 162 and the substrate seating surface 168 lie In 
offset and substantially parallel planes. Thus, the flange 
162 may be understood to define a first plane while the 

5 substrate seating surface 168 defines a second plane 
parallel to the first plane wherein the shoulder 1 64 is 
disposed between the two planes. However, contact 
ring design shown in Figure 3 is intended to be merely 
illustrative. In another embodiment, the shoulder portion 

10 164 may be of a steeper angle including a substantially 
~- vertical angle so as to be substantially normal to both 
the flange 162 and the substrate seating surface 168. 
Alternatively, the contact ring 152 may be substantially 
planar thereby eliminating the shoulder portion 164. 

'5 However, for reasons described below, a preferred em- 
bodiment comprises the shoulder portion 164 shown in 
Figure 3 or some variation thereof. 
[0023] The conducting members 165 are defined by 
a plurality of outer electrical contact pads 180 annularly 

20 disposed on Ihe flange 1 62. a plurality o( inner electrical 
contact pads 1 72 disposed on a portion of the substrate 
seating surface 168, and a plurality of embedded con- 
ducting connectors 176 which link the pads 172. 180 to 
one another The conducting members 165 are isolated 

2B from one another by the insulative body 170 which may 
be made of a plastic such as polyvinylidenefluoride 
(PVDF), perfluoroalkoxy resin (PFA). Teflon™, and Te- 
fzer*^, or any other insulating materia! such as Alumina 
(AlgOg) or other ceramics. The outer contact pads 180 

30 are coupled to a power supply (not shown) to deliver 
current and voltage to the inner contact pads 1 72 via the 
connectors 176 during processing. In turn, the inner 
contact pads 172 supply the current and voltage to a 
substrate by maintaining contact around a peripheral 

35 portion of the substrate. Thus, in operation the conduct- 
ing members 165 act as discrete current paths electri- 
cally connected to a substrate. 

[0024] Low resistivity, and conversely high conductiv- 
ity, are directly related to good plating. To ensure low 
"to resistivity, the conducting members 165 are preferably 
made of copper (Cu), platinum (Pt), tantalum (Ta). tita- 
nium (Ti). gold (Au), silver (Ag). stainless steel or other 
conducting materials, Low resistivity and low contact re- 
sistance may also be achieved by coating the conduct- 
's ing members 165 with a conducting material. Thus, the 
conducting members 165 may, for example, be made ot 
copper (resistivity for copper is approximately 2 x 10^^ 
n-m) and be coated with platinum (resistivity for plati- 
num is approximately 10.6 x 10® U-m). Coatings such 
so as tantalum nitride (TaN). titanium nitride (TiN). rhodium 
(Rh), Au, Cu, or Ag on a conductive base materials such 
as stainless steel, molybdenum (Mo). Cu, and Ti are al- 
so possible. Further, since the contact pads 172. 180 
are typically separate units bonded to the conducting 
55 connectors 176. the contact pads 172, 180 may com- 
prise one material, such as Cu. and the conducting 
members 165 another, such as stainless steel. Either or 
both of the pads 172, 180 and conducting connectors 



4 



7 

176 may be coated with a conducting material. Addition- 
ally, because plating repeatability may be adversely al- 
fected by oxidation which acts as an insulator, the inner 
contact pads 172 preferably comprise a material resist- 
ant to oxidation such as Pt, Ag, or Au. 
[0025] In additbn to being a function of the contact 
material, the total resistance of each circuit is dependent 
on the geometry, or shape, of the inner contact inner 
contact pads 172 and the force supplied by the contact 
ring 1 52. These factors define a constriction resistance, 
Rqr, at the interface of the inner contact pads 172 and 
the substrate seating surface 168 due to asperities be- 
tween the two surfaces. Generally, as the applied force 
is increased the apparent area is also increased. The 
apparent area is, in turn, inversely related to Rqr so that 
an increase in the apparent area results in a decreased 
^CR Thus, to minimize overall resistance it is preferable 
to maximize force. The maximum force applied in oper- 
ation is limited by the yield strength of a substrate which 
may be damaged under excessive force and resulting 
pressure. However, because pressure is related to both 
force and area, the maximum sustainable force is also 
dependent on the geometry of the inner contact pads 
172. Thus, while the contact pads 172 may have a flat 
upper surface as in Figure 3, other shapes may be used 
to advantage. For example, two preferred shapes are 
shown in Figures 4 and 5. Figure 4 shows a knife-edge 
contact pad and Figure 5 shows a hemispherical contact 
pad. A person skilled in the art will readily recognize oth- 
er shapes which may be used to advantage. A more 
complete discussion of the relation between contact ge- 
ometry, force, and resistance is given in Ney Contact 
Manual, by Kenneth E. Pitney. The J. M. Ney Company. 
1973. which is hereby incorporated by reference in its 
entirety 

[0026] As shown in Figure 6, the substrate seating 
surface 1 68 comprises an isolation gasket 1 82 disposed 
on the insulative body 170 and extending diametrically 
interior to the inner contact pads 172 to define the inner 
diameter of the contact ring 152. The isolation gasket 
182 preferably extends slightly above the inner contact 
pads 172 (e.g.. a few mils) and preferably comprises an 
elastomer such as Viton™. Teflon^", buna rubber and 
the like. Where the insulative body 170 also comprises 
an elastomer the isolation gasket 182 may be of the 
same material. In the latter embodiment, the isolation 
gasket 182 and the insulative body 170 may be mono- 
lithic, i.e., lormed as a single piece. However, the isola- 
tion gasket 182 is preferably separate from the insula- 
tive body 170 so that it may be easily removed lor re- 
placement or cleaning. 

[0027] While Figure 6 shows a preferred embodiment 
of the isolation gasket 182 wherein the isolation gasket 
is seated entirely on the insulative body 170. Figures 4 
and 5 show an alternative embodiment. In the latter em- 
bodiment, the insulative body 170 is partially machined 
away to expose the upper surface of the connecting 
member 176 and the isolation gasket 182 is disposed 



8 

thereon. Thus, the isolation gasket 182 contacts a por- 
tion of the connecting member 1 76. This design requires 
less material to be used for the inner contact pads 172 
which may be advantageous where material costs are 
5 significant such as when the inner contact pads 172 
comprise gold. Persons skilled in the art will recognize 
other embodiments which do not depart from the scope 
of the present invention. 

[0028] During processing, the isolation gasket 182 

10 maintains contact with a peripheral portion of the sub- 
strate plating surface and is compressed to provide a 
seal between the remaining cathode contact ring 152 
and the substrate. The seal prevents the electrolyte from 
contacting the edge and backside of the substrate. As 

IS noted above, maintaining a clean contact surface is nec- 
essary to achieving high plating repeatability. Previous 
contact ring designs did not provide consist plating re- 
-sults because contact surface topography varied over 
time. The contact ring of the present invention elimi- 

20 nales. or least minimizes, deposits which would other- 
wise accumulate on the inner contact pads 172 and 
change their characteristics thereby producing highly 
repeatable, consistent, and uniform plating across the 
substrate plating surface. 

2S [0029] Figure 7 is a simplified schematic diagram rep- 
resenting a possible configuration of the electrical circuit 
for the contact ring 152. To provide a uniform current 
distribution between the conducting members 165. an 
external resistor 200 is connected in series with each of 

30 the conducting members 165. Preferably the resistance 
value of the external resistor 200 (represented as Rext) 
is much greater than the resistance of any other com- 
ponent of the circuit. As shown in Figure 4. the electrical 
circuit through each conducting member 165 is repre- 
ss sented by the resistance of each of the components con- 
nected in series with the power supply 202. Rg repre- 
sents the resistance of the electrolyte, which is typically 
dependent on the distance between the anode and the 
cathode contact ring and the composition of the electro- 

40 lyte chemistry. Thus, R^ represents the resistance of the 
electrolyte adjacent the substrate plating surface 154. 
Rg represents the resistance of the substrate plating 
surface 154. and Rc represents the resistance of the 
cathode conducting members 165 plus the constriction 

45 resistance resulting at the interface between the inner 
contact pads 172 and the substrate plating layer 154. 
Generally, the resistance value of the external resistor 
(^ext) at least as much as ZR (where IR equals the 
sum of Rg. Ra, Rs and F^:). Preferably, the resistance 

so value of the external resistor (Rext) 's "^"^^ greaterthan 
IR such that IR is negligible and the resistance of each 
series circuit approximates Rext- 
[0030] Typically, one power supply is connected to all 
of the outer contact pads 1 80 of the cathode contact ring 

ss 152, resulting in parallel circuits through the inner con- 
tact pads 172. However, as the inner contact pad-to- 
substrate interface resistance varies with each inner 
contact pad 172. more current will flow, and thus more 
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plating will occur, at the site of lowest resistance. How- 
ever, by placing an external resistor in series with each 
conducting member 165. the value or quantity ol elec- 
trical current passed through each conducting member 
165 becomes controlled mainly by the value of the ex- s 
ternal resistor. As a result, the variations in the electrical 
properties between each of the inner contact pads 172 
do not affect the current distribution on the substrate, 
and a uniform current density results across the plating 
surface which contributes to a uniform plating thickness. io 
The external resistors also provide a uniform current dis- 
tribution between different substrates of a process-se- 
quence. 

[0031] Although the contact ring 152 of the present 
invention is designed to resist deposit buildup on the in- '5 
ner contact pads 172, over multiple substrate plating cy- 
cles the substrale-pad Interface resistance may in- 
crease, eventually reaching an unacceptable value. An 
electronic sensor/alarm 204 can be connected across 
Ihe external resistor 200 lo monitor the voltage/current 20 
across the external resistor to address this problem. If 
the voltage/current across the external resistor 200 fails 
outside of a preset operating range that is indicative of 
a high substrate-pad resistance, the sensor/alarm 204 
triggers corrective measures such as shutting down the 2S 
plating process until the problems are corrected by an 
operator. Alternatively, a separate power supply can be 
connected to each conducting member 165 and can be 
separately controlled and monitored to provide a uni- 
form current distribution across the substrate. A very 30 
smart system (VSS) may also be used to modulate the 
current flow. The VSS typically comprises a processing 
unit and any combination of devices known in the indus- 
try used to supply and/or control current such as variable 
resistors, separate power supplies, etc. As the physio- 35 
chemical, and hence electrical, properties of the inner 
contact pads 172 change over time, the VSS processes 
and analyzes data feedback. The data is compared to . 
pre-established setpoints and the VSS then makes ap- 
propriate current and voltage alterations to ensure uni- 40 
form deposition. 

[0032] Referring now to Figures 8a-8c. the construc- 
tion of the contact ring 152 will be discussed. Figures 
Ba and 8b show a top view and partial cross sectional 
view, respectively, of a conducting frame 1 86 in its initial 
state before the insulative body 170 (shown in Figure 
8c) is formed, or otherwise disposed, thereon. The 
frame 186 consists of an inner conducting ring 188 and 
a concentre outer conducting ring 190. The rings 168, 
1 90 are connected at inten/als by the conducting con- so 
nectors 1 76. The number of connectors 1 76 may be var- 
ied depending on the particular number of contact pads 
172 (shown in Figure 3) desired. For a 200mm sub- 
strate, preferably at least twenty-four connectors 176 
are spaced equally over 360*. However, as the number ss 
of connectors reaches a critical level, the compliance of 
the substrate relative to the contact ring 1 52 is adversely 
affected. Therefore, while more than twenty-four con- 



nectors 176 may be used, contact uniformity may even- 
tually diminish depending on the topography ot the con- 
tact pads 172 and the substrate stiffness. Similarly, 
while less than twenty-four connectors 176 may be 
used, current flow is increasingly restricted and local- 
ized, leading to poor plating results. Since the dimen- 
sions of the present invention are readily altered to suit 
a particular application (for exanrple. a 300mm sub- 
strate), the optimal number may easily be determined 
for varying scales and embodiments. 
[0033] A fluid insulating material is then molded 
around the frame 186 and allowed to cool and harden 
to form the insulative body 170. The material of the in- 
sulative body 170 is allowed to flow through a plurality 
of holes 184 formed in the conducting connectors 176 
in order to achieve enhanced strength, durability, and 
integration. The upper surface of the insulative txxJy 170 
is then planarized such that the upper surfaces ot the 
conducting rings 188. 190 are exposed, as shown in the 
top cutaway view o( Figure 3c. The individual contact 
pads 172, 180 (shown in Figure 3) are formed by ma- 
chining away a porlbn of the conducting rings 188. 190 
and insulative body 170 until the connecting members 
are removed and thus exposing discrete pads 165 en- 
capsulated in the insulating material. Thus, the complet- 
ed contact ring 152 consists of discrete current paths 
(consisting of the contact pads 172. 180 and the con- 
nectors 1 76) adapted to provide a current to a substrate 
deposition surface. Alternatively, either or both of the 
conducting rings 188. 190 may be left intact. For exam- 
ple, the outer ring 188 may provide a single unbroken 
outer conducting surface while the unbroken inner ring 
190 may define a solid inner conducting surface to pro- 
vide maximum surface contact with a substrate plating 
surface. "While the contact pads 172, 180. and the con- 
nectors 176 are treated here as discrete units, they may 
alternatively comprise a monolithic structure, e.g., 
formed as a single unit. A person skilled in the art will 
recognize other embodiments. 
[0034] Figure 9 is a partial vertical cross sectional 
schematic view of a cell 100 for electroplating a metal 
onto a substrate incorporating the present invention. 
The electroplating cell 100 generally comprises a con- 
tainer body 142 having an opening on the top portion of 
the container body 142 to receive and support a lid 144. 
The container body 142 is preferably made of an elec- 
trically insulative material such as a plastic. The lid 144 
serves as a top cover having a substrate supporting sur- 
face 146 disposed on the lower portion thereof. A sub- 
strate 148 is shown in parallel abutment to the substrate 
supporting surface 146. The container body 142 is pref- 
erably sized and shaped cylindrically in order to accom- 
modate the generally circular substrate 148 at one end 
thereof. However, other shapes can be used as well. As 
shown in Figure 9, an electroplating solution inlet 150 is 
disposed at the bottom portion of the container body 
142. The electroplating solution is pumped into the con- 
tainer body 142 by a suitable pump 151 connected to 
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the inlet 150 and flows upwardly inside the container 
body 142 toward the substrate 148 to contact the ex- 
posed substrate plating surface 154. In one aspect, a 
consumable anode 156 is disposed in the container 
body 142 to provide a metal source in the electrolyte. 
[0035] The container body 142 includes an egress 
gap 158 bounded at an upper limit by the shoulder 164 
of the cathode contact ring 1 52 and leading to an annu- 
lar weir 143 substantially coplanar with (or slightly 
above) the substrate seating surface 168 and thus the 
substrate plating surface 1 54. The weir 1 43 Is positioned 
to ensure that the plating surface 154 is in contact with 
the electrolyte when the electrolyte is flowing out of the 
electrolyte egress gap 158 and over the weir 143. Alter- 
natively, the upper surface of the weir 143 is positioned 
slightly lower than the substrate plating surface 154 
such that the plating surface 1 54 is positioned just above 
the electrolyte when the electrolyte overflows the weir 
143, and the electrolyte contacts the substrate plating 
" surlace 154 through meniscus properties (Le., capillary 
force). 

[0036] During processing, the substrate 148 is se- 
cured to the substrate supporting surface 146 of the lid 
144 by a plurality of vacuum passages 160 formed in 
the surface 1 46 and connected at one end to a vacuum 
pump (not shown). The cathode contact ring 152 shown 
disposed between the lid 144 into the container body 
1 42 is connected to a power supply 1 49 to provide pow- 
. er to the substrate 148. The contact ring 152 has a pe- 
rimeter flange 1 62 partially disposed through the lid 1 44, 
a sloping shoulder 164 conforming to the weir 143. and 
an inner substrate seating surface 1 68 which defines the 
diameter of the substrate plating surface 154. The 
shoulder 154 is provided so that the inner substrate 
seating surface 168 is located below the flange 162. 
This geometry allows the substrate plating surface 154 
to come into contact with the electrolyte before the so- 
lution flows into the egress gap 1 58 as discussed above. 
However, as noted above, the contact ring design may 
be varied from that shown in Figure 9 without departing 
from the scope of the present invention. Thus, the angle 
of the shoulder portion 1 64 may be altered or the shoul- 
der portion 1 64 may be eliminated altogether so that the 
contact ring is substantially planar Where a planar de- 
sign is used seals may be disposed between the contact 
ring 152, the container body 142 and/or the lid 144 to 
form a fluid tight seal therebetween. 
[0037] The substrate sealing surlace 168 preferably 
extends a minimal radial distance inward below a pe- 
rimeter edge of the substrate 145, but a distance suffi- 
cient to establish electrical contact with a metal seed 
layer on the substrate deposition surface 1 34. The exact 
inward radial extension of the substrate seating surface 
168 may be varied according to application. However, 
in general this distance is minimized so that a maximum 
deposition surface 154 surface is exposed to the elec- 
trolyte. In a preferred embodiment, the radial width. of 
the seating surface 168 is 2mm from the edge. 



[0038] In operation, the contact ring 1 52 is negatively 
charged to act as a cathode. As the electrolyte is flowed 
across the substrate surface 154, the ions in the elec- 
trolytic solution are attracted to the surface 154. The 

5 ions then impinge on the surface 1 54 to react therewith 
to form the desired film. In addition to the anode 1 56 and 
the cathode contact ring 1 52, an auxiliary electrode may 
be used to control the shape of the electrical field over 
the substrate plating surface 1 54. An auxiliary electrode 

10 167 is shown here disposed through the container body 
142 adjacent an exhaust channel 169. By positioning 
the auxiliary electrode 167 adjacent to the exhaust 
channel 169. the electrode 1 67 able to maintain contact 
with the electrolyte during processing and affect the 

IS electrical field. 

[0039] While foregoing is directed to the preferred em- 
bodiment of the present invention, other and further em- 
bodiments of the invention may be devised without de- 
parting from the basic scope thereof, and the scope 

20 ihereof is determined by the claims that follow. 



Claims 

25 1. A cathode contact ring for use in an electroplating 
celt apparatus, the contact ring comprising: 

(a) an annular insulalive body defining a central 
opening; 

30 (b) an isolation gasket disposed on the annual 

insulative body and defining a substrate seating 
surface; and 

one or more conducting members at least par- 
35 tially disposed in the insulative body to support an 
electrical current on the substrate seating surface 
wherein at least a portion of the isolation gasket is 
disposed diametrically interior to the one or more 
conducting members. 

40 

2. The contact nng of claim 1. wherein the isolation 
gasket and the insulative body comprise a mono- 
lithic piece. 

^5 3. The contact ring of claim 1 or claim 2, wherein the 
one or more conducting members comprise a plu- 
rality of holes. 

4. The contact ring of any of claims 1 to 3, wherein the 
so one or more conducting members comprise a plu- 
rality of holes. 

5. The contact ring of any of claims 1 to 4, wherein the 
conducting material is selected f rorn the group con- 

55 sisting essentially of copper (Cu), platinum (Pt), tan- 
talum (Ta), tantalum nitride (TaN). titanium nitride 
(TiN), titanium (Ti), gold (Au), silver (Ag), stainless 
steel, and any combination thereof. 
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6. The contact ring of any of claims 1 to 5. wfierein the 
one or more conducting members comprise a con- 
ducting coating selected from the group consisting 
essentially o1 copper (Cu), platinum (Pt), tantalum 
(Ta). titanium (Ti). gofcJ (Au), silver (Ag). rhodium 
(Rh). stainless steel, and any combination thereof. 

7. The contact ring of any of claims 1 to 6, wherein the 
insulative body comprises an insulating materia). 

8. The contact ring of any of claims 1 to 7, wherein the 
insulating material is selected from the group con- 
sisting essentially of polyvinylidenefluoride (PVDF), 
perfluoroalkoxy resin (PFA). Teflon^", Tefzel™, Alu- 
minia (AI2O3), ceramic, and any combination there- 
of, 

9. The contact ring of any of claims 1 to 6, wherein the 
isolation gasket is removable. 

1 0. The contact ring of any of claims 1 to 9. wherein the 
isolation gasket comprises an elastomer 

11. The contact ring of claim 1. wherein the elastomer 
is selected from the group consisting essentially of 
Viton™ buna rubber, Teflon^", and any combination 
thereof. 

12. The contact ring of any of claims 1 to 11. wherein 
the conducting members are attached to a power 
supply. 

13. The contact ring of any of claims 1 to 12, further 
comprising: 

(d) a power supply connected to each of the one 
or more conducting members; and 

(e) one or more external resistors connected to 
each of the one or more conducting members 
and to the power source, wherein each of the 
one or more external resistors comprises a first 
resistance greater than a second resistance of 
each of the one or more conducting members. 

14. The contact ring of any of claims 1 to 13, wherein 
the one or more conducting members comprise; 

(i) an outer conducting surface; 

(ii) an inner conducting surface disposed on the 
substrate seating surface; and 

(iii) a plurality of conducting connectors radially 
disposed through the insulative body which 
electrically link the outer conducting surface to 
the inner conducting surface. 

15. The contact ring of claim 14, wherein the inner con- 
ducting surface comprises one or more inner con- 
tact pads. 



16. The contact ring of claim 14 or claim 15, wherein 
the Insulative body further comprises a sloped 
shoulder disposed between the outer conducting 
surface and the inner conducting surface, such that 

5 the outer conducting surface and the inner conduct- 
ing surface are offset. 

17. The contact ring of claim 16. wherein the insulative 
body further comprises a flange having the outer 

10 conducting surface disposed thereon. 

18. The contact ring of any of clainns 14 to 17, further 
comprising a power supply coupled to the outer 
conducting surface. 

19. The contact ring of claim 18, wherein the outer con- 
ducting surface comprises one or more outer con- 
tact pads and wherein the power supply is connect- 
ed to each of the one or more outer contact pads, 

20 

20. The contact ring of claim 1 9. wherein the inner con- 
ducting surface comprises one or more inner con- 
tact pads. 

2B 21. An apparatus for electroplating a substrate, com- 
prising: 

(a) an electroplating celt body; 

(b) a lid disposed at an upper end of the body; 
30 (c) an anode disposed at a lower end of the 

body; 

(d) a cathode contact ring at least partially dis- 
posed within the cell body adjacent the lid, the 
cathode contact ring comprising: 

35 

(i) an insulative body comprising an inner con- 
ducting surface located inside the celt body and 
an outer conducting surface; 

(ii) a plurality of conducting connectors at least 
40 partially disposed in the insulative body to elec- 
trically link the outer conducting surface and the 
inner conducting surface; and 

(iii) an isolation gasket disposed on the insula- 
tive body and defining a substrate seating sur- 

4S face, wherein at least a portion of the isolation 

gasket is diametrically interior to the inner con- 
ducting surface; and 

(e) at least one power supply coupled to the 
so outer conducting surface. , 

22. The apparatus of claim 21 , further comprising: 

(d) a power supply connected to each of the one 
55 or more conducting members; and 

(e) one or more external resistors connected 
between the one or more conducting members 
and to the power source, wherein each of the 
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one or more external resistors connprises afirst 
resistance greater than a second resistance of 
each of the one or more conducting members. 

23. The apparatus of claim 21, wherein the isolation 
gasket and the insulative body comprise a mono- 
lithic piece. 

24. The apparatus of claim 21. wherein the isolation 
gasket is removable. 

25. The apparatus of claim 21 . wherein the one or more 
conducting members comprise a plurality of holes. 

26. The apparatus of claim 21, wherein the one or more 
conducting members comprise a conducting coat- 
ing selected from the group consisting of copper 
(Cu). platinum (Pi), tantalum (Ta), titanium (Ti), gold 
(Au) sih/er (Ag), rhodium (Rh). stainless steel, and 
any combination thereof. 

27. The apparatus of claim 21 , wherein the one or more 
conducting material. 

28. The apparatus of claim 27, wherein the conducting 
material is selected from the group consisting es- 
sentially of copper (Cu), platinum (Pt). tantalum 
(Ta). tantalum nitride (TaN). titanium nitride (TIN), 
titanium (Ti), gold (Au). silver (Ag). stainless steel, 
and any combination thereof 

29. The apparatus of claim 21 . wherein the isolation 
gasket comprises an elastomer. 

30. The apparatus of claim 29, wherein the elastomer 
is selected from the group consisting essentially of 
Viton^" buna rubber. Teflon^", and any combination 
thereof. 

31. The apparatus of claim 21, wherein the insulative 
body comprises an insulating material. 

32. The apparatus ol claim 31. wherein the insulating 
material is selected from the group consisting es- 
seniially ol polyvinylidenefluoride (PVDF). perlluor- 
oalkoxy resin (PFA), Teflon^". Tefzer*^. Alumina 
(AI2O3), ceramic, and any combination thereof. 

33. The apparatus of claim 21, wherein the insulative 
body further comprises a sloped shoulder disposed 
between the outer conducting surface and the inner 
conducting surface such that the inner conducting 
surface and the outer conducting surface are offset. 

34. The apparatus of claim 33, further comprising an 
egress gap defined by the cell body and the contact 
ring. 
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35. The apparatus of claim 21. wherein the outer con- 
ducting surface comprises one or more outer con- 
tact pads. 

36. The apparatus of claim 35, wherein each pad of the 
one or more outer contact pads is connected to a 
separate power supply. 

37. The apparatus of claim 35. wherein the inner con- 
ducting surface comprises one or more inner con- 
tact pads. 
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